Abstract. With increasing demand of biosurfactants for environmental and industrial application, there is increased interest in prospecting of microorganisms and substrates for production of substantial quantities of biosurfactants. A study was carried out to investigate the ability of Bacillus sphaericus EN3 and Bacillus azotoformans EN16 to produce large quantities of biosurfactants and determine a suitable substrate for its production. The organisms were previously screened for biosurfactant production and found to be good candidates. Three carbon sources including glucose, diesel and crude oil were used and incorporated into modified Bushnell -Haas medium at 2% w/v concentration. Large quantities of biosurfactants were observed when glucose was used as substrate with a mean production of 1.01 ± 0.3 g/L and 0.58 ± 0.17 g/L for B. sphaericus EN3 and B. azotoformans EN16 respectively after 10 days. The surfactants were shown to be stable at various pH (2 -12), temperature (50°C -100°C) and salinity (2 -10% NaCl) ranges. The biosurfactants were however more effective at pH of 8 to 10, 50 0 C and salinity of 2 to 4% NaCl. Chromatographic analysis revealed that the surfactants produced by both organisms were principally phospholipids. Therefore, the organisms were capable of producing substantial amounts of surfactants and harnessing their potentials would be essential.
INTRODUCTION
Biosurfactants are surface active agents produced by microorganisms. They reduce surface and interfacial tension by accumulating at the interface of immiscible fluids and thus increase the solubility, bioavailability and subsequent biodegradation of the hydrophobic or insoluble organic compounds (Van Hamme et al., 2006) . They consist of heterogeneous group of organic compounds including glycolipids, lipopolysaccharides, oligosaccharides and lipopeptides (Thavasi et al., 2011) . Biosurfactants vary in chemical properties and molecular size. They contain hydrophobic and hydrophilic moieties that give them the ability to interact between fluid phases, thus minimizing surface and interfacial tension at the surface and interface respectively (Kranth et al., 1999; Satpute et al., 2009) .
Currently most of surfactants being used are chemical surfactants derived from petroleum. However, the interest in microbial surfactants has been steadily increasing in recent years due to their diversity, environment friendly, the possibility of their production through fermentation and their potential applications in areas such as environmental protection, crude oil recovery, health care and food processing industries (Makkar et al., 2011) .
Production of biosurfactants has increased in recent years due to their biodegradability, reduced toxicity and diverse application compared to synthetic surfactants (Seghal Kiran et al., 2010) . The diverse applications of biosurfactants in different sectors such as environmental, pharmaceutical and industrial sectors, etc. lead to high demand of the product. High production cost of biosurfactants has been a great challenge in meeting its global demand (Krepsky et al., 2007) .
Many attempts were made to produce huge amount of biosurfactants at lower costs. Much attention focused on obtaining efficient microbial strain and cheap and readily available substrate (Saghel Kiran et al., 2010) . Majority of biosurfactant production involved the use of microorganisms grown on water immiscible hydrocarbons, and some water-soluble substrates (Abu-Ruwaida et al., 1991; Desai and Banat, 1997; Tabatabaee et al., 2005; Makkar et al., 2011) . Bacteria especially Bacillus species, are among the best known biosurfactant producers. Previous studies have shown the potentials of Bacillus subtilis and Bacillus licheniformis to produce large quantities of biosurfactants using different substrates (Joshi et al., 2008; Jaysree et al., 2011) . Bacillus sphaericus and Bacillus azotoformans are among many spore forming bacilli although with no previous report of biosurfactant production prior to current work (Adamu et al., 2015) . In addition to determining the best substrate for biosurfactant production, this study also studied the ability of the two bacterial species to produce large quantities of biosurfactants under laboratory settings. 
MATERIALS AND METHODS

Bacterial isolates
The present study was carried at Postgraduate Research laboratory of Usmanu Danfodiyo University, Sokoto, Nigeria (long. 4º 8'E and 6º54'E; lat. 12ºN and 13º 58'N.). Two bacterial species: Bacillus sphaericus EN3 and Bacillus azotoformans EN16 were used in the study. These species were previously isolated from Tannery effluents from Sokoto metropolis tanneries (Adamu et al., 2015) . The bacteria were screened for biosurfactant production and found to be positive for hemolysis, oil emulsification, drop collapse and oil spreading test. Bacillus sphaericus EN3 caused the collapse and spread of oil drop at the rate of 10 and 7 min respectively with an average diameter of 3.4cm, while Bacillus azotoformans EN16 was able to do same at the rate of 15 and 12 min respectively with 2.9cm diameter.
Biosurfactant Production
In order to test the ability of the two isolates to produce large quantities of biosurfactants, three carbon substrates were used. These include crude oil (Bonny light -a Nigerian type of crude oil), diesel and glucose. Using conical flasks, 500ml modified Bushnell -Haas medium of Ismail et al. (2014) (Seghal Kiran et al., 2010) . The set up was replicated three times and incubated at room temperature for 10 days. During the period of incubation, the amount of biosurfactant produced was monitored after two days interval.
Extraction and purification of the biosurfactants
Bacteria cells were removed by centrifugation (12000 rpm for 10 minutes) using a centrifuging machine (HME GLOBAL 800D, ENGLAND), and culture supernatant was acidified with HCl (0.1M) to obtain the pH of 2.0. The extraction of the biosurfactants was performed with a mixture of chloroform: methanol (2:4 v/v) which was added to the supernatant, after being vigorously shaken, and allowed to stand until phase separation. Extracts (lower phase) were concentrated by rotary evaporation and then anhydrous sodium sulfate was added to remove water (Thampaayak et al., 2008) . The biosurfactant appeared as white crystals.
Biosurfactant stability test
Stability studies were carried out as described by Obayori et al. (2009) . Cell free broth was obtained by centrifuging the cultures at 5000 rpm for 20 minutes. The stability of the biosurfactants against pH, temperature and salt (NaCl) was determined.
(i) The pH of the biosurfactant was adjusted to acidic (2, 4 and 6 using HCl) and alkaline (8, 10 and 12 using NaOH). Emulsification index (E 24 ) was later determined after 24 hours.
(ii) To test the heat stability of the biosurfactant, the supernatant was heated at 50, 70 and 100 o C for 15 minutes using water bath, then cooled to room temperature and E 24 was determined.
(iii) The effect of sodium chloride (NaCl) on the biosurfactant was also assayed at concentrations of 2, 4, 6, 8 and 10% of NaCl and E 24 was also determined. 
Determination of Emulsification index
Emulsification activity was carried out using the method of Tabatabaee et al. (2005) and Techaoei et al. (2011) . Four 4ml of the crude oil was added to equal amount of cell free supernatant and vortexed at 500 r.p.m for 10 minutes. After 24 hours, the height of the stable emulsion layer was measured using meter rule. The emulsification index (E 24 ) was calculated as the ratio of the height of the emulsion layer and the total height of liquid, as given by the expression: E 24 = h emulsion x 100 h total Where: E 24 is emulsion index after 24 hours, h emulsion is the height of emulsion layer, h total is the total height of the liquid.
Characterization and Identification of Biosurfactants
The biosurfactants produced by the Bacillus strains were characterized due to the properties they displayed such as high E 24 index, oil displacement and their stability over wide range of pH, temperature and salinity. The biosurfactants were characterized and identified using high performance liquid chromatography (HPLC). The HPLC analysis was carried out using HPLC machine (model 4340, JANWAY, UK) at 210 nm wavelength. Standard solutions of fatty acids, amino acids, and sugars phosphates were prepared and analyzed. The crude biosurfactants from the bacteria were also analyzed and compared to the standards. The components of the crude biosurfactants were identified upon interpretation of the results.
RESULTS
The result from Table 1 showed that the amount of biosurfactants produced by Bacillus sphaericus EN3 using crude oil as carbon source was 0.11±0.01 -0.49±0.01 g/L, 0.11±0.01 -0.79±0.01 g/L for diesel and 0.22±0.20 -2.25±0.20 g/L for glucose after 10 days period. The time for optimum production of biosurfactant by this organism was 8 days. Similarly, the amount of biosurfactant produced by Bacillus azotoformans EN16 using crude oil was 0.05±0.05 -0.21±0.01 g/L, after 10 days. Using diesel and glucose, the quantity produced was 0.05±0.05 -0.41±0.01g/L and 0.11±0.01 -1.25±0.25g/L respectively ( Table 1 ). Optimum production of biosurfactant by this organism was observed on the 8th day. However, the highest yield was recorded when glucose was used as carbon source by both the organisms, followed by diesel and crude oil although without significant difference (p ≤ 0.05) in case of B. sphaericus EN3.
The effect of pH on the stability of the biosurfactants produced was determined at pH range of 2-12 (Fig. 1) . Biosurfactant produced by Bacillus sphaericus EN3 was stable at all pH level tested with highest activity at pH 8.0 (E 24 = 58.0%). The same applies to that produced by Bacillus azotoformans EN16 with highest activity at pH 10.0 (E 24 = 49.5%). There was variations in E 24 values with regards to different pH levels (P<0.05).
The effect of temperature on the stability of the biosurfactants produced revealed that the biosurfactant activity occurred best at the temperature range of 50 -100 o C with higher activity at 50 o C (E 24 = 61.0% for Bacillus sphaericus EN3 and E 24 = 48.0% for Bacillus azotoformans EN16). These results are shown in Fig. 2 and no significant difference was observed at the various temperature levels (P < 0.05).
The effect of different concentrations of NaCl on the stability of biosufactants produced by B. sphaericus EN3 and B. azotoformans EN16 are presented in Fig. 3 . The results revealed that biosurfactant activity occurred at NaCl concentrations ranging from 2.0 to 12.0%. However, slightly higher activity occurred at 4.0% NaCl (E 24 = 39.8%) for EN3 and at 2.0% NaCl (E 24 = 40.5%) for EN16 (Fig.3) . These values (E 24 = 39.8% and 40.5%) were significantly different (P>0.05).
Chromatographic analysis revealed that the biosurfactant produced by Bacillus sphaericus EN3 was phospholipid and amino acids made up of palmitic acid, leucine, alanine, serine, and arginine. Similarly, Bacillus azotoformans EN16 produced phospholipid with the following components: glutamine, stearic acid, oleic acid glycine, valine and arginine. Phosphate, leucine, stearic acid, and arginine were the common components observed in both of the biosurfactants (Table 2) .
DISCUSSIONS
The production of biosurfactants by microorganisms has been a subject of increasing interest in recent years, especially due to their increasing potential application. In the present study, result showed that Bacillus sphaericus EN3 and Bacillus azotoformans EN16 yielded a higher amount of biosurfactants when glucose was used compared to crude oil and diesel as carbon sources. The reason may be that glucose is easily-metabolized carbon source than crude oil and diesel. Several investigators have identified crude oil, diesel and glucose as good source of carbon for biosurfactant production (Desai and Banat, 1997; Rahman et al., 2002; Makkar et al., 2011) . The finding of the present study that glucose gave a higher yield of biosurfactant than crude oil and diesel is however contrary to the report of Mata-Sandoval et al. (2000) who found that hydrophilic substance like glucose gave a poor yield of biosurfactant while hydrophobic substrates like corn oil and long chain alcohols caused a higher yield of biosurfactant. Crude oil and diesel are hydrophobic substances and biosurfactant yield of 0.21 -0.79g/L was obtained as compared to 1.25 -2.25g/L for glucose in the present study. The yield of biosurfactants by the Bacillus species observed was lower than the one reported by Ijah and Olarinoye (2012) and Ibrahim et al. (2013) .
Stability studies indicated that the biosurfactants were stable at different pH, temperature and salinity (Figs. 1, 2, and 3) . Biosurfactant from B. sphaericus EN3 were more active at pH 8.0, (E 24 = 58%), 50°C (E 24 = 61%) and 4% NaCl (E 24 = 39%). For biosurfactant from B. azotoformans EN16 however, the activity was more pronounced at pH 10, 50°C and 2% NaCl with E 24 of 49.5%, 48% and 40.5% respectively. This indicated that the compounds present in the biosurfactants are not degraded within the prevailing physicochemical conditions. Akhavan Sepahy et al. (2005) reported that Bacillus species could produce biosurfactant at various ranges of salinity and temperature with optimum at 3 -5% and 50°C respectively. There are several reports on the stability of biosurfactants at extreme conditions (Obayori et al., 2009; Davishi et al., 2011; Ibrahim et al., 2013) . Taking into cognizance the optimum conditions for the biosurfactants' activity, one could suggest the potential applicability of these surfactants in microbial enhanced oil recovery (MEOR) since these conditions (high temperature, pH, and salinity) prevail in oil reservoirs. The biosurfactants produced by the two organisms were identified as phospholipids with different compositions. However, some components were common to both phospholipids. These include phosphates, leucine, stearic acid and arginne (Table  2) . Several researchers reported the production of phospholipids biosurfactants produced by Bacillus species of different strains. Davis et al. (2003) reported the production of phospholipid by Bacillus subtilis ATCC and composed of inorganic phosphate, stearic acid, arginine and palmitic acid. AbdelMawghoud et al. (2008) reported the production of phospholipid biosurfactant by Bacillus subtilis B55 and was composed of inorganic phosphate, protein and stearic acid. Similarly Joshi et al. (2008) reported phospholipid production by Bacillus subtilis 20B and composed of inorganic phosphate, alanine and oleic acid. Ijah and Olarinoye (2012) (Adamu et al., 2015) .. This might be attributed to the fact that the number and type of biosurfactant producing organisms is not completely exhausted and many more organisms are underway to be discovered as long as researches are sustained in this direction. Investigations have shown that biosurfactant producers are diverse (Maneerat and Phetrong, 2007) , present in different environments (Jaysree et al., 2011) and could make up to 35% of aerobic heterotrophs (Jennings and Tanner, 2000) .
CONCLUSION
In this work, B. sphaericus EN3 and B. azotoformans EN16 were shown to be potent biosurfactant producers. Glucose proved to be the best substrate for large quantities of surfactants followed by diesel and crude oil. Also the biosurfactants were mainly made up of phospholipids and are stable at various ranges of pH, temperature and salinity although could be used effectively at certain conditions. Therefore, the two Bacillus species were important biosurfactant producers and application of their products in bioremediation and MEOR should be exploited.
